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To all whom it may concern: 
Be it known that I, DAVID NETTENSTROM, 

a citizen of the United States, residing at 
Chicago, in the county of Cook and State of 
Illinois, have invented new and useful Im 
provements in Power-Transmission Mecha 
nism, of which the following is a specifica 
tion, reference being had to the accompany 
ing drawings, forming a part thereof. 
The purpose of this invention is to pro 

vide an improved mechanism for power 
transmission, particularly adapted for trans 
mission under circumstances and for uses in 
which speed variation and reversion must 

5 be provided for. 
It consists of the elements and features of 

construction shown and described as indi 
cated in the claims. 
In the drawings:-Figure 1 is an axial 

section of a gear train and its mountings 
embodying this invention. Fig. 2 is a sec 
tion at the line 2-2 on Fig. 1. Fig. 3 is an 
elevation of a detached element of the struc 
ture comprising a fixed bridge or diaphragm 
for gear bearings and grooves therein. Fig. 
4 is a section at the line 4-4 on Fig. 1. Fig. 
5 is a detail section at the line 5-5 on Fig.1. 
The structure shown in the drawings com 

prises a casing, 1, adapted to be fixedly 
mounted. In this casing there are jour 
naled two co-axial shafts, 2 and 3, herein 
after referred to respectively as the driving 
and driven shafts. For the driving shaft, 
2, there is provided a bearing at one end of 
the casing and a second bearing in a bridge 
or diaphragm, 40, intermediate the ends of 
the casing. The driven shaft, 3, being short 
as to its length within the casing, has only a 
single bearing in the casing at the end op 
posite that in which the driving shaft has 
the first-mentioned bearing. The two shafts, 
2 and 3, are connected by a differential gear 
train of well-known construction comprising 
bevel gears, 4 loose and 5, fast on the shafts, 
2 and 3, respectively, a cross-head, 6, fast 
on the shaft, 2, and bevel pinions, 7, 7, jour 
naled at opposite ends said cross-head, 
each meshing with both the gears, 4 and 5. 
This differential gear train is positioned be 
tween the journal bearing of the shaft, 3, 
in the casing, and the journal bearing of the 
shaft, 2, in the bridge, 40. The gears, 4 and 
5, and the cross-head, 6, are spaced from 
each other and from the bearings of the 

of the casing respectively, by ball bearings, 
8, 8, 8, 8, which take the axle thrust or pres 
sure, if any, resulting from the reaction of 
the gears as well as the radial pressure. In 
addition, the gear, 4, which, as hereinafter 
explained, is rigid with an oppositely-facing 
gear, 9, has roller bearings, 10, interposed 
between it and the shaft, 2. 
On the shaft, 2, there are two wheels or 

disks, 13 and 14, the first being feathered on 
the shaft for rotation there with, and the 
second being loose on the shaft and provided 
with roller bearings, 15, and ball bearings, 
16, for the endwise or axial thrust, the lat 
ter bearing comprising a collar, 16°, which 
forms one member of one of the ball bear 
ings, 8, with which the cross-head, 6, is pro 
vided as above stated, said collar, 16°, being 
stopped against a shoulder, 2, formed on 
the shaft, 2, by reducing it. from said shoul 
der outward, as shown in Fig. 1. The wheel 
or disk, 13, feathered on the shaft, 2, for re 
volving with and sliding on the same, is 
pressed toward the wheel, 14, by a spring, 
17, stopped at its outer end by the collar, 
18, screwed on to the shaft, 2, and also pro 
vided with a set-screw, 18, for preventin 
it from working back along 
Intermediate the two wheels, 13 and 14, the 
case, 1, has a bridge or diaphragm, 19, in 
which there are mounted a plurality-as 
illustrated, four-of friction wheel car 
riers, 21, said carriers being pivoted in said 
diaphragm with their pivotal axes all in 
the same plane at right angles to the axis 
of the shaft, 2, and at right angles to each 
other, corresponding to the number of said 
pivoted friction wheel carriers, which num 
ber, being four in the structure illustrated, 
causes said axes to be the four sides of a 
square. Each of said friction wheel car 
riers, 21, has at each end a bevel gear, 22, 
meshing with the corresponding bevel gear 
of the next adjacent carrier, so that all four 
of the carriers are connected up in an end 
less circuit for rocking simultaneously and 
equally whenever any one of them is 
rocked; and one of the carriers has its spin 
dle, 21°, extended out through the dia 
phragm, and casing and exteriorly provided 
with a lever arm, 23, for rocking iv. Any 
suitable means not shown may be connect 
ed to said lever arm to rock the carriers and 
hold them in any position to which they 
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journaled a friction wheel, 24, and the op 
posed faces of the wheels, 13 and 14, are 
each provided with an annular groove, 26, 
whose contour in section radial with respect 
to the wheel is that of a segment of a circle 
about the point of intersection of the axis 
of either wheel, 24, and the pivotal axis of 
the carrier in which such wheel is mounted, 
so that said friction wheels spanning the 
interval between the opposed faces of two 
wheels, 13 and 14, and specifically between 
the opposed grooves of said faces, operate 
to hold the two wheels, 13 and 14, spaced 
apart the same distance throughout the en 
tire range of movement of the carriers, 21, 
rocking about their pivotal axes in the dia 
phragm, 20. The friction wheels are thus 
adapted to transmit rotary movement from 
the wheel, 13, to the wheel, 14, in reverse 
direction, the spring, 17, supplying the 
necessary pressure, and to change the speed 
of the driven wheel, 14, according to the ad 
justment of said friction wheels transmit 
ting equal motion from one wheel to the 
other when said friction wheels are adjust 
ed parallel to the axis of the shaft, 2, but 
reducing the speed of the wheel, 14, when 
they are adjusted obliquely in such direc 
tion that their contact with the wheel, 14, 
is farther from the axis than their contact 
with the wheel, 13, and so as to increase 
the speed of the wheel, 14, when they are 
adjusted obliquely in the opposite direction, 
the two extreme oblique positions for full 
transmission of the motion being shown in 
dotted lines in Fig. 1, and the intermediate 
position for transmission of motion without 
change of speed but with reversal of direc 
tion only being shown in full line. The 
wheel, 14, on the side toward the differential 
gear train is provided with a gear rim, 25, 
and intermediate said wheel and the initial 
wheel, 4, of the differential gear train there 
is mounted the diaphragm or bridge, 40, 
hereinbefore mentioned, rigid with the cas 
ing, having journaled in its pinions, 27, 27, 
meshing at one side with said gear rim, 25, 
and at the other side with a bevel gear, 4, 
integral with the initial bevel gear, 4, of 
the differential gear train. Preferably, the 
gear rim, 25, is of greater diameter than the 
gear, 4°, so that the former transmits ac 
celerated rotary movement to the latter. 
Upon considering the train of mechanism 

above described, it will be observed that be 
tween the wheel, 13, which is the initial 
driving element of the train, and the initial 
gear, 4, of the differential gear train, the 
direction of rotation is twice reversed; first, 
at the frictional transmission from the 
wheel, 13, to the wheel, 14, by means of the 
friction wheels, 24, and again by the gear 
transmission from the gear rim, 25, through 

65 the pinions, 2,27, to the bevelgear member, 4", and the initial gear, 4, of the differential 
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gear train; so that said initial gear of the 
differential gear train has the same direc 
tion of rotation as the initial power-trans 
mitting wheel, 13,—that is, the same di 
rection as the shaft, 2. According to the 
well known law governing the operation of 
differential gear trains, it will be under 
stood that if the initial gear, 4, of said train 
is by any means held at rest, the final gear, 
5, and its shaft, 3, will be rotated at twice 
the speed and in the same direction as the 
driving shaft, 2, and that if said initial 
gear, 4, of the differential train is revolved 
in the same direction as the shaft, 2, and at 
the same speed, the final gear, 5, and driven 
shaft, 3, will have that same speed; and that 
any increase of the speed of the gear, 4, 
over that of the shaft, 2, in the same direc 
tion (and it will be seen that it must re 
volve in the same direction), will to the 
amount of such excess diminish the speed 
of the final gear, 5, of the train and the 
driven shaft, 3, and any diminution of the 
speed of the wheel, 4, below that of the 
shaft, 2, will to the extent of such diminu 
tion increase the speed of the final gear, 5, 
and driven shaft, 3. It will be understood, 
therefore, that if the speed of the gear, 4, 
is increased to double that of the shaft, 2, 
the final gear, 5, and driven shaft, 3, will 
remain at rest, and that if the speed of said 
gear, 4, in the same direction of the shaft, 
2, be increased to more than double that of 
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the shaft, the excess of said speed above 
twice the speed of the driving shaft will 
be the reverse speed of the final gear, 5, and 
driven shaft, 3. The diameter and range 
of swing of the friction wheels, 24, for 
operative transmission of rotation from the 
wheel, 13, to the wheel, 14, in the construc 
tion shown in the drawings is such as to 
carry their middle point of frictional con 
tact with the said wheels, respectively, from 
a minimum distance from the axis of the 
shaft, 2, to a maximum distance equal to 
twice that minimum distance, so that at the 
position of said friction wheels for giving 
the wheel, 14, the greatest speed, said great 
est speed will be twice that of the wheel, 13, 
and at the opposite limit of the range of 
adjustment of said friction wheels, the speed 
of the wheel, 14, will be half that of the 
speed of the wheel, 13, making the maxi 
mum speed of the wheel, 14, four times its 
minimum speed with a uniform speed of 
the wheel, 13. In the structure shown in 
the drawings, the gear, 25, is one-fourth 
larger than the gear, 4", and transmits ac 
celerated motion in that proportion to the 
last-mentioned wheel and initial wheel of 
the differential gear train. These relative 
proportions are by no means essential, but 
are mentioned in order to afford a basis 
for stating by way of illustration the range 
of change of speed of which the device is 
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susceptible, and the means of taking ad 
vantage of this range. When the friction 
wheels, 24, are in intermediate position, as 
shown in full line in Fig. 1, so that the 
wheel, 14, has the same speed as the wheel, 
13, but in the opposite direction, the initial 
gear, 4, of the differential gear train will have 
the speed of one-hundred twenty-five revolu 
tions to one hundred of the wheel, 13, and 
shaft 2, which, being twenty-five in excess of 
the speed of the cross-head, 6, will cause the 
final gear, 5, of the differential train and 
the driven wheel, 3, to have a speed twenty 
five less than said shaft, 2, in the same direc 
tion. When the wheels, 24, are adjusted 
so as to give to the wheel, 14, a speed of one 
hundred sixty revolutions to one-hundred 
revolutions of the wheel, 13, the gear, 4, 
receiving two-hundred revolutions in the 
same direction, being one-hundred in excess 
of that of the cross-head, 6, will cause the 
wheel, 5, and driven shaft, 3, to stand at 
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rest. Further adjustment of the wheels, 4, 
in the same direction,--that is, for further 
increasing the speed of the wheel, 14-will 
cause the shaft, 3, to be rotated in the re 
verse direction to the shaft, 2, at a speed 
corresponding to the extent of said further 
adjustment of the friction wheels, 24. The 
adjustment of the Wheels, 24, in the oppo 
site direction from the position at which 
they cause the shaft, 3, to be at rest, will 
cause that shaft to be rotated in the same 
direction with the shaft, 2, at a speed which 
will equal that of the shaft, 2, when the 
position of the wheels, 24, is such as to 
cause the wheel, 14, to have eighty revo 
lutions for one-hundred revolutions of the 
shaft, 14, since that will give to the wheel, 
4, one-hundred revolutions in the same di 
rection as the shaft, 2.; and as said wheels, 
24, are adjusted from that position still 
farther in the same direction, -that is, for 
further diminishing the speed of the wheel, 
14-the speed of the shaft, 3, will increase, 
and (with the parts proportioned as illus 
trated in the drawings and as above stated) 
When the wheels, 24, are at the extreme posi 
tion for reducing the speed of the wheel, 
14, shown in dotted line in Fig. 1, giving 
the wheel, 14, fifty revolutions to one-hun 
dred of the wheel, 13, and the gear, 4, in 
consequence sixty-two and one-half revolu 
tions, or thirty-seven and one-half revolu 
tions less than the shaft, 2, the gear, 5, and 
driven shaft, 3, will have a speed of one 
hundred-thirty-seven and one-half revolu 
tions. 
The wheel, 14, is 

strap, 30, of familiar construction, pro 
vided with means outside the casing for 
tightening it on said wheel, consisting of a 
bell-crank lever, 31, on a rock shaft 31" hav 
ing an operating arm, 32, which may be 
operated by a link, 33, extending to any con 

provided with a brake 

venient place and provided with any con 
venient connections not shown for operating 
and securing it; the other arm, 33, of the 
bell crank being connected to the opposite 
end of the strap and provided with a turn 
buckle, 34, in the connection for properly 
adjusting the strap to cause it to tighten on 
the wheel. When by the operation of this 
brake or any equivalent means the wheel, 14, 
is held at rest, causing the wheel, 4, to be 
also held at rest, the shaft, 3, it will be seen, 
will be revolved in the same direction as the 
shaft, 2, at double the speed of the latter 
shaft. By holding the wheel, 14, by means 
of the brake so that some slip can occur 
that is, not holding it absolutely at rest 
any speed intermediate double that of the 
shaft, 2, and the speed for which the wheels, 
24, are adjusted may be obtained. Since 
the increase of speed caused by thus holding 
the wheel, 14, will be obtained at the ex 
pense of the frictional waste caused by the 
slipping of the friction wheels, 24, provi 
sion may be made for throwing said wheels 
entirely out of transmitting relation to the 
wheels, 13 and 14, when the brake strap is 
to be applied for higher speed than can be 
obtained by the adjustment of the friction 
wheels, 24. For this purpose, said friction 
wheels, 24, may be swung to the position 
shown in dotted line, 24*, where they are out 
of contact with the wheels, 13 and 14. In 
order that the wheels, 13 and 14, may not in 
that case be forced together by the spring, 
17, too close to permit the reentry of the 
wheels, 24, between them, a stop pin, 35, 
may be provided on the shaft, 2, just a little 
inward of the point at which the wheel, 13, 
would normally be stopped by the interposi 
tion of the wheels, 24, between it and the 
wheel, 14, and the inner faces of the two 
wheels, 13 and 14, may be shaped beyond 
the inner and outer circumferences of the 
grooves, 26, in curves deflected outward 
from the outer of said grooves, as shown at 
26, so as to form leads along which the 
friction wheels, 24, may reenter between the 
wheels, 13 and 14. The casing, 1, is completely closed except 
as to the driving and driven shafts extend 
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ing through its ends, the rock shaft or 
spindle for adjusting the friction pulleys 
and the rock shaft for operating the brake; 
and the roller bearings through which the 
driving and driven shafts protrude are 
guarded at their inner ends by washers, so 
that the casing may be filled to any desired 
extent with lubricant, the entire train thus 
running in the lubricant. 
*I claim:- 

1. A power transmission mechanism, com 
prising a driving shaft; a differential gear 
train consisting of an initial gear, a final 
gear, an idler gear connecting them, and a 
carrier for the idler mounted for rotation 
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2. 

about the common axis of the initial and final gears; and driving connections from 
the shaft to the initial gear and to the idler 
carrier of the train, adapted for rotating 
them both in the same direction, one of said 
connections comprising two wheels on the 
shaft, one mounted for rotation there with 
and the other loose thereon, and frictional 
idler wheels operatively connecting them. 

2. A power transmission merhanism, com 
prising a driving shaft; a differential gear 
train consisting of an initial gear, a final 
gear, an idler gear connecting them, and a 
carrier for the idler mounted for rotation 
about the common axis of the initial and 
final gears; driving connections from the 
shaft to the initial gear and to the idler car 
rier of the train, adapted for rotating them 
both in the same direction, one of said con 
nections comprising two wheels on the shaft, 
one mounted for rotation there with and the 
other loose thereon, frictional idler wheels 
operatively connecting them, and means for 
adjusting the parts of said frictional con 
nection for varying the speed communicated thereby. 

3. A power transmission mechanism, com 
prising a driving shaft; a differential gear 
train consisting of an initial gear, a final 
gear, an idler gear connecting them, and a 
carrier for the idler mounted for rotation 
about the common axis of the initial and 
final gears; driving connections from the 
shaft to the initial gear and to the idler car 
rier of the train, adapted for rotating them 
both in the same direction, one of said con 
nections comprising two wheels on the shaft, 
One mounted for rotation therewith and the 
other loose thereon, frictional idler wheels 
operatively connecting them, and means for 
adjusting said idlers for varying the speed 
communicated thereby. 

4. A power transmission mechanism com 
prising a driving and a driven shaft; a 
differential gear train connecting said 
shafts; means for actuating the initial gear 
wheel of the differential gear train from the driving shaft comprising a positive speed 
accelerating connection and a frictional 
speed-varying connection and means for ad 
justing the latter. 

5. A power transmission mechanism com 
prising a driving and a driven shaft; a 
differential gear train connecting said 
shafts; means for actuating the initial gear 
wheel of the differential gear train from 
the driving shaft comprising a gear wheel 
loose on the driving shaft, and direction 
reversing gear-connections from said loose 
gear to said initial gear; a wheel mounted 
for rotation with the driving shaft, and fric 
tional direction-reversing transmission de 
vices from said last-mentioned wheel to said 
loose gear wheel. 

6. A power transmission mechanism com 
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prising a driving and a driven shaft; a dif 
ferential gear train connecting said shafts; 
a casing in which said shafts are journaled; 
means for actuating the initial gear wheel 
of the differential gear train from the driv 
ing shaft comprising two wheels on the 
driving shaft, one mounted for rotation 
therewith and the other loose thereon; 
frictional transmission and direction-re 
versing wheels interposed between said two 
wheels, and bearings for said frictional 
transmission wheels mounted on the casing: 
a gear rigid with said loose wheel and trans 
mission and direction-reversing gear wheels 
journaled on the casing connecting the gear 
rigid with the loose wheel with the initial 
gear of the variable gear train, and means 
for adjusting the frictional transmission 
wheels relatively to the wheels between 
which they are interposed for varying the 
speed transmitted from one to the other. 

7. A power transmission mechanism com 
prising a driving and a driven shaft; a cas 
ing in which they are journaled; a differ 
ential gear train which connects them; 
means for actuating the initial gear wheel 
of the differential train from the driving 
shaft comprising two direction-reversing 
connections, one positive and the other fric 
tional, and means for adjusting the parts 
of the frictional connection to vary the 
speed transmitted. 

8. A power transmission mechanism com 
prising a driving and a driven shaft, a cas 
ing in which they are journaled; a differen 
tial gear train which connects them; means 
for actuating the initial gear wheel of the 
differential train from the driving shaft 
comprising two direction-reversing connec 
tions, one invariable and the other variable, 
and means for adjusting the variable con 
nection to vary the speed transmitted. 

9. A power transmission mechanism com 
prising a driving and a driven shaft; a cas 
ing in which they are journaled; a differen 
tial gear train which connects them; means 
for actuating the initial gear wheel of the 
differential train from the driving shaft 
comprising a wheel mounted for rotation 
with the driving shaft; a second wheel fac 
ing the same mounted loose on the shaft; a 
frictional transmission wheel mounted on 
the casing interposed between said two last 
mentioned wheels for transmitting rotation 
from one to the other in reverse direction; 
means for adjusting such frictional trans 
mission wheel to vary the speed of the re 
verse motion transmitted; a gear rigid with 
said loose wheel, and gears journaled on the 
casing connecting said gear with the initial 
gear of the differential gear train. 

10. A power transmission mechanism 
comprising a driving and a driven shaft; a 
casing in which they are journaled; a dif 
ferential gear train connecting them; means 
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for actuating the initial gear wheel of the 
differential train from the driving shaft 
comprising a wheel loose on said shaft hav 
ing a gear rigid with it; gears journaled on 
the casing connecting said last-mentioned 
gear with the initial gear of the differential 
gear train; a wheel mounted for rotation 
with the driving shaft at the opposite side 
of said loose wheel from the differential 
gear train, said loose wheel and the last 
preceding mentioned wheel having in their 
proximate faces opposed annular grooves; 
a friction pulley and a carrier in which it is 
journaled pivotally mounted on the casing, 
the pivotal axis of said carrier intersecting 
the axis of the pulley thereon, said opposed 
grooves having their contour in section ra 
dial with respect to the wheels in the arc of 
a circle whose center is at said intersection 
and whose radius is that of the pulley, and 
means for adjusting the pulley carrier about 
its pivotal axis. 

11. A power transmission mechanism 
comprising a driving and a driven shaft, a 
casing in which they are journaled; a differ 
ential gear train which connects them; a 
wheel loose on the driving shaft; direction 
reversing gear connections from the same to 
the initial wheel of the differential train; a 

S 

brake operating on said loose wheel and 
means mounted on the casing for applying 
said brake to hold said wheel against ro 
tation. - 

12. A power transmission mechanism 
comprising a driving and a driven shaft, a 
casing in which they are journaled; a dif 
ferential gear train which connects them; 
a wheel loose on the driving shaft; direc 
tion-reversing gear connections from the 
same to the initial wheel of the differential 
train; a brake-operating on said loose wheel; 
means mounted on the casing for applying 
said brake to hold said wheel against rota 
tion; a wheel mounted on the driving shaft 
for rotation therewith facing said loose 
wheel at the opposite side thereof from the 
differential train, and adjustable friction 
transmission pulleys interposed between said 
two wheels for transmitting, varying and 
reversing the rotation. 

In testimony whereof, I have hereunto set 
my hand at Chicago, Illinois, this 9th day 
of July, 1910. 

DAVID NETTENSTROM. 
Witnesses: 

CHAs. S. BURTON, 
M. GERTRUDE ADY. 
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